I. Introduction
In the last few decades, millions of contaminated sites have been discovered all over the world. Most of the developed and developing countries are facing the problem of land scarcity, especially in urban areas, due to contamination. India is also one of them. Till date, there are a total of 557 sites identified as contaminated in India, with total area of about 175 million hectares. Also, huge number remains unidentified. Most of these sites reported are found in Uttar Pradesh (75), Punjab (61), Gujarat (54), Andhra Pradesh (46), Madhya Pradesh (38), National Capital Territory (32) and Rajasthan (21) [1] . As per the report of MoEF [1] , most of the sites in India are contaminated with Chromium (160), Lead (104), Cadmium (50), Mercury (35) and Arsenic (20) . Other heavy metals such as Ba,, Co, Cu, Sr, V, Y, Zn etc. are also found in most of the sites. Some heavy metals like Ca, Mg, Cu, Zn etc) are found important for human upto a regulatory limit. However excess will result in poisoning or toxicity, which is evident by certain reported medical symptoms that are clinically diagnosable [2, 3, 4 and 5] . Chromium generally occurs in two oxidation states, Cr(III) and Cr(VI). Cr(III) is an essential nutrient for human in amounts of 50-200 µg/day. But even a small concentration of Cr(VI) is harmful for human. Exposure to Cr(III) and Cr(VI) compounds can be associated with allergic responses in sensitive individuals. Effects also include irritating respiratory effects, effects on stomach and blood, liver and kidney effects and increased risk of death from lung cancer [5, 6 and 7] . Unlike other heavy metals, Lead (Pb), Cadmium (Cd) and Mercury (Hg) have no bio-importance in human biochemistry and physiology and consumption of even a small amount of concentration may be toxic. Adverse health effects of Cd exposure include primarily in the form of kidney damage but possibly also bone effects and fracture [5] . The symptoms of acute lead poisoning are headache, irritability, abdominal pain and various symptoms related to the nervous system. Children may be affected by behavioral disturbances, learning and concentration difficulties. In severe cases of lead encephalopathy, the affected person may suffer from acute psychosis, confusion and reduced consciousness. People who have been exposed to Pb for a long time may suffer from memory deterioration, prolonged reaction time and reduced ability to understand [8] . Long term exposure to Arsenic (As) is mainly related to increased risks of skin cancer, but also some other cancers, as well as other skin lesions such as hyperkeratosis and pigmentation changes. Occupational exposure to arsenic, primarily by inhalation, is sometimes associated with lung cancer [9] . Health risks associated with contaminated sites may be harmful enough to cause cancer, known as carcinogenic health risks otherwise they may be less harmful but still problematic, known as non-carcinogenic health risks. Due to all these associated health risks, health risk assessment of a contaminated site has gained a lot of attention among the researchers. A large number of researchers have worked to determine the concentration of various contaminants at different sites in India like Chhattisgarh [10] , Hyderabad [11 and 12] , Kanpur [13, 14, 15, 16 and 17] , Mumbai [18] , Mysore [19 and 20] , Patancheru [21] , Pondicherry [22] , Rajasthan [23] , Ranga Reddy [24] , Surat [25] , Sivasagar and Dibrugarh [26] , Tamil Nadu [27] and Thane [28] . Only few researchers have discussed the health risk associated to the contaminated sites in India. Singh et. al. [29] discussed the risk assessment of heavy metals associated with contaminated vegetables in Varanasi. The reclamation of contaminated sites with perspective of future reuse of land requires assessment of land post cleanup with two perspectives, one its restoration with respect to possible land use and second with respect to reduced health risks to acceptable limits. Therefore, choice of remediation technology has to be primarily compatible with both these requirements apart from other criteria. It is in this context that health risk assessment has become of prime importance for any land reclamation and reuse project. In this study, three sites were selected out of pre-identified 557 contaminated sites, each from Andhra Pradesh, Rajasthan and Gujarat. Work has been already done at Balanagar Industrial Area, Hyderabad [12] ; Pali Industrial Area, Rajasthan [23] and Surat Industrial Area, Gujarat [25] to determine the extent and concentration of heavy metals. Results presented by these authors were used in this study for the assessment of carcinogenic and non-carcinogenic health risks to human. Aims of this study are to: (1) determine the potential health risks to human induced due to contamination by heavy metals (2) provide a basis for the selection of remediation process, (3) define an acceptable level of contaminant concentration on the site.
II. Site Description
Three contaminated sites were selected from different parts of India. Concentrations of heavy metals presented by various researchers were used for the study. Site 1 is Balanagar industrial area situated in the northwestern part of Hyderabad City, India [12] . Main industries causing the contamination in this site are: steel, chemical, automobiles, refineries and battery manufacturing. Site 2 is Pali industrial area, Pali district, Rajasthan, India which is also identified as polluted by Central Pollution Control Board (CPCB), New Delhi [23] . Around 300 industries exist in this area which includes chemical, dye, textile, paint and marble based industries. Site 3 is Surat industrial area situated in south Gujarat, India [25] . This site is also identified as polluted by Central Pollution Control Board (CPCB), New Delhi. There are large number of small scale and also several large and medium scale textile industries. Other industries that have come up in and around Surat include petrochemical, refinery, natural gas, cement, steel plant etc. Table 1 shows the heavy metal concentration present on each site. 
III. Risk Assessment
Main Components of risk assessment are hazard identification, dose response assessment and exposure assessment. Hazard identification is referred to the potential harm caused by contaminant to the human and/or environmental health. A dose-response relationship describes how the likelihood and severity of adverse health effects are related to the amount and condition of exposure to a receptor [31] . Exposure assessment is the determination or estimation of the magnitude, frequency, duration and route of exposure [30] . Human health risk is calculated in the term of non-carcinogenic risk (as Hazard Index) and carcinogenic risk.
Health risk analysis was done on the basis of minimum, maximum and mean concentration of contaminants for the each of the receptors (adult, child and industrial worker). Exposure of contaminant to the human can occur by any one or more of the following pathways: (a) soil ingestion (b) inhalation of dust particles (c) dermal absorption. In this study, risk assessment of heavy metals on all the receptors by all these three pathways is discussed. Analysis was made for the chronic exposure duration. In case of humans, chronic exposure duration varies from 7 years to lifetime. Non Carcinogenic health risk is measured in terms of chronic Hazard Quotient (HQ), which is calculated as 
IV. Results And Discussion
By using the concentrations given in table 3 non-carcinogenic risk (HI) and carcinogenic risk are evaluated for all the three sites. Table 4 shows HI values for all the receptors based on mean and maximum concentrations for site 1. It shows that site is associated with high potential non-carcinogenic health risks. Table 5 shows HI values through different pathways based on mean concentrations for site 1. It shows that risk is associated mainly due to ingestion pathway. Table 6 shows carcinogenic health risks for all the receptors based on mean and maximum concentrations for site 1. It shows that site 1 is associated with the high carcinogenic risk to each of the receptors as the risk value exceeds the safe value of 1x10 -6 . Table 7 shows cancer risk through different pathways based on mean concentrations for site 1. It also shows that risk is highest through ingestion and minimum through inhalation. HI values of Cr were observed 10.869 and 1.389 for child and adult, respectively based on maximum concentration and 1.7855 for child as per mean value. HI values of Pb for child were 3.5496 and 50.229 based on mean and maximum concentrations, respectively and 5.86 for industrial worker based on maximum concentration. HI of Zr for child, Table 8 shows HI values for all the receptors based on mean and maximum concentrations for site 2. It shows HI for Child as 1.32 and 3.56 based on mean and maximum concentrations respectively, hence it is stated that site may cause potential noncarcinogenic health risk to child. Table 9 shows HI values through different pathways based on mean concentrations for site 2. It shows that risk is associated mainly due to ingestion pathway. Table 10 shows carcinogenic health risks for all the receptors based on mean and maximum concentrations for site 2. It shows that site 2 is associated with significant carcinogenic risk to each of the receptors as the risk value exceeds the safe value of 1x10 -6 . Table 11 shows cancer risk through different pathways based on mean concentrations for site 2. It also shows that risk is highest through ingestion and minimum through inhalation. HI of Cr, Pb and V for child were found to be 1.52, 1.154 and 1.024, respectively based on maximum concentration. Table 12 shows HI values for all the receptors based on mean and maximum concentrations for site 3. It shows that site 3 is associated with non-carcinogenic health risks only for child. Table 13 shows HI values through different pathways based on mean concentrations for site 3. It shows that risk is associated mainly due to ingestion pathway. Table 14 shows carcinogenic health risks for all the receptors based on mean and maximum concentrations for site 3. It shows that site 3 is associated with the high carcinogenic risk to each of the receptors as the risk value exceeds the safe value of 1x10 -6 . Table 15 shows cancer risk through different pathways based on mean concentrations for site 3. It also shows that risk is highest through ingestion and minimum through inhalation. Site has only Cr causing potential carcinogenic risks to all the receptors.
V. Conclusion
Three contaminated sites from different parts of India were selected and health risk assessment was done in order to determine the associated health risks of contaminants present at these sites. Results of the previous work on the concentration of heavy metals at these sites done by various researchers were adopted for risk assessment. Results suggest that site 1 (i.e., Balanagar industrial area) has highest potential for carcinogenic and noncarcinogenic diseases in all the receptors. Site 2 (Pali Industrial Area) and site 3 (Surat Industrial Area) have noncarcinogenic risk only for children. But both sites have significant carcinogenic risk for all the receptors. Children are found to be most susceptible to carcinogenic and non carcinogenic diseases as compared to adult and industrial worker. Ingestion is found to be major pathway for both the diseases in all cases. Children are subjected to cancer risks due to dermal contact also. But inhalation does not cause any significant risk in any of the cases. At site 1, mainly Cr, Pb and Zr are responsible for the non-carcinogenic health risks to the receptors. Cr and Pb are also carcinogens, hence causing carcinogenic health risks at site 1. Hence more attention must be given to remove Cr, Pb and Zr from the site during the remediation process. Site 2 has Cr, Pb and V which are the main cause of potential non-carcinogenic health risks to children. Cr and Pb are also responsible for carcinogenic health risks to receptors. Site 3 has mainly Cr which cannot be avoidable as it causes carcinogenic health risks to human. Hence, remediation process must be selected keeping in view future land use and health risk to remove all these heavy metals to acceptable limits. Priority should be given to site 1 as it has highest values of HI and carcinogenic risks. 
